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ABSTRACT

The creation of the TOGA Program was closely related to the El Niflo phenomenon and to scientific explorations
about the rich spectrum of ocean current variations in the narrow cquatol ial wave guide. Not until the appearance of the
strong El Niflo episode of 1957-1958 were there sufficient evidences tha! El NifJo was a large-scaJc phenomenon, and not a
coastal feature. The discovery of the Equatorial Undcrcurrcnt  in the Pacific in 19S2,, which was not predicted from the
gcostrophic  balance that was essential to the explanation of so many ocean circulation features, provided a raison d’&.re for
scientific explorations of the Equatorial Undercurrent.

1 INTRODUCTION

The scientific objectives of the Tropical Oceans Global Atrnosphc.re  (TOGA) Program, which occurred from January
1985 to December 1994, were
(1) To gain a description of the tropical oceans and the global atrnos~lhcrc  as a time-dcpcndcnt system in order to

dckmnirre the extent to which the systcm  is predictable. on time scales of monlhs  to years, and to understand the
mechanisms and processes underlying its predictability;

(2) To study the femibility  of modeling the coupled ocean-atmosphere system for the purpose of predicting its variations
on time scales of months to years; and

(3) To provide the scientific background for designing an observing and data transmission system for operational
prediction if this capability is demonstrated by coupled ocean-atmosphere models,

‘J%C scientific objectives were dcvclopcd  in 1983 and 1984 in accord with ideas and technology occurring at the time.
What were the scientific ideas and technology at the beginning of TOGA? What were the progressions of scientific ideas
and t~hnology that formed the basis of TOGA? Were other factors important in tic dcvcloprncnt  of TOGA? These
questions will be explored in this paper, which, by its nature, represents a personal pcrspcctivc  of historical developments
leading to the creation of TOGA.

Modcrnday  oceanography began with the 1872-1876 voyage of the H.M.S, Challenger. When the Challenger sailed
through the tropicaI  Pacific along approximately 150”W from Honolulu to Tahiti during August and September 1875
(Thurman, 1991), no El Nitlo  was occurring (Quinn e( al., 1987). EVCJI if there had been an El Nifio, scientists aboard the
Challenger would not have recognized any characteristics of the warm-water phenomenon. At that time, the El Nifio was
thought to be a local phenomenon associated with the coastal regions of South America and no sea surface temperature
climatology existed to dctcrminc if the August-September 1875 sea surface tcmpcrat  urcs were different than normal.

2 El NJ~O AND TOGA

2.1 1957-1958 El NifJo

Each year, beginning in 1950, the California Cooperative Oceanic Fishwics  Investigations (CalCOFI)  made
cxtcnsivc  biological, chemical and physical oceanographic mcmurcments  off the west coast of North America from tic
sor.nhcrn tip of Baja California to the Columbia River. As a result of the time series mieasurcmcnts, unusual conditions
were noted in the circulation off California during 1957 and 1958. (Contrary to recent popular opinion, the El NifJo of
1957-1958 was not responsible for the dramatic decline in the CaJifomia  sardine fishery, in which the catch was small each
year from 1953 to 1958 compared to 1952 or 1959 (CalCOFJ,  1960)). A CaJCOFl  symposium, entitled “The Changing
Pacific Ocean in 1957 and 1958”, occurred in Rancho  Santa Fe, California, on 2-4 June 1958 (Sette and Isaacs, 1960) to
evaluate the unusual conditions. (The fkst day of the Symposium coincided with the death of Townsend Cromwell in an
airplane crash cnroutc to join an ommographic  expedition to the tropical Pacific). Other unusual environmental conditions
had cccurrcd during 1957-1958: Canton Island, usually dry, was covcrcd with vegetation; Hawaii had its first recorded
typhoon; warm water invaded the coastal area of Peru; sea ic~ at Point Barrow ret.rcatcxl very early; the Aleutian Low was
hkn.sifirfi;  winds  along California were weak; and sea surface temperatures over the eastern North Pacific were 3°C higher



than normal (Scttc and ksaacs, 1960). Participants included many of the world’s leading owanographcrs  and meteorologists,
but no satisfactory model was developed that related the diverse oceanographic and meteorological conditions over a large
portion of the globe.

Bjcrkncs (1966), in cxarnining  the rcsulw  of the CaICOFI  symposium (Sct{c and l.saacs, 1960), proposed a novel
idea that the invasion of warm water off the comt of South Amcriea,  which had given ri,sc 10 the definition of El Niflo,  was
not cased  by local ocean-atmosphere interactions. HC speculated that El Niflo was cau.scd  by a reduction of the astcrly
winds along the equator. The sub.scquc~t dccrcasc in the cast-west pressure gradient would allow water above the
thcrrnoclinc  to flow eastward. h-r addition to heat advcction from the western warm-water pool, the near-surface temperature
in the eastern tropical Pacific would also incrcasc  because of a rwhrction  in upwclling.  Hc proposed tJrat an anomalous
atmospheric heat source in the emtcrn tropical Pacific would alter the HadIcy circulation, including a strengthening of the
Aleutian Low and a weakening of the Icelandic Low. The primary triggering mechanism of the temperature anomaly in the
caslcm Pacific remained a mystery for several more years.

Rowntrcc  (1972), while visiting the National oceanic and Atmospheric Administration (NOAA) Geophysical Fluid
Dymmics  Laboratory (GFDL),  used the newly dcvclopd  GFIJL atmospheric general circulation model to substantiate the
Bjcrkncs  (1966) hypothesis about tekcxmncelions  between a sea surface temperature anomal y in the caNcm tropical Pacific
and middle Iatitudc  atmospheric conditions. The numcricat experiment was cxtrcmcly  successful, confirming Bjcrkncs
hypothesis. Rowntrcc’s  cxpcrimcnt  was followed by others (Julian and Chcrvin, 1978; Kcshavarnurty, 1982, Shukla  and
Wallace, 1983; Blackmon e[ al., 1983) to demonstrate tbc sensitivity of global atmospheric general circulation model
simulations to the magnitude and location of prescribed anomaJous  sea surface tcmpcraturc  patterns in the eastcm tropical
Pacific. The amount of predictability of global atmospheric circulation caused by tropical Pacific sea surface tcmpaturc
variations bccamc  a TOGA objcetivc.

2.2 1972-1973 El Nirlo

Tbc El Nifio of 1972-1973 had a great inftucnce upon the price c)f agricultural products in many countries because
the Peruvian fishery catch, which at the time was the world’s largest, dropped from 12 million tons to 2 million tons.
Nearly all of the Peruvian fishery was ground into fish mcaJ and distributed worldwide as a protein source for poultry and
livestock, The altcmatc  source of protein for animals was soybean, in which the largest supplier was the United  States
where the crop in 1973 was severely reduced bccausc of heavy rains attributed to the El Niflo.

It seems fortuitous that two to three years before the rmsct of the 1972-1973 El Nifio,  there wa.. a resurgence of
scientific interest in thcoreticaJ  aspects  of equatorial circulation. A previous burst of activit y occurred in the 1950s after the
1952 discovery of the Equatorial Undercurrent (Cromwell et al., 1954), which culminated in a series of papers (Deep-Sea
Research, 1960) that atlcmplcd  to explain the dynamical behavior of the Equatorial Undcrcurrcnt,  At that time, the
explanations assumed steady-state motion. The rcncwcd interest in equatorial ocean circulation focused on time-dcpcndcnt
motions. Bland ford (1966) first examined ihc thcmrcticd  aspects of tin Ic-dcpcndcnt motion along the equator, crnphasizing
mixed-Rossby gravity waves. Moore (1968) first explained the dynantics of the Kelvin wave along the equator, but the
result was not widely published for some time (W Moore and Phikurdcr, 1977). Ligbthill  (1969) provided a theoretical
foundation for the generation of low-latitude ocean currents driven by non-steady winds. Godfrey (1975) first proposed that
an intcmal  downwclling equatorial Kelvin wave, which would be creak-d when an easterly wind stress had decreased, would
signat  the arrival of warm water in the astern Pacific or El Nifio  cond itions. Hickey (1 975) showed that the correlations
between fluctuations of surface wind stress, sca lCVCI, and sea surface temperature were high in the equatorial Pacific, but
was unable to describe a cause-and-effect relationship bctwccn  the variables, perhaps bccausc shc was unaware of the work
of Godfrey (1975). The next year, Hurlburt et al. (1976) and McCrcary (1976) quantitatively dcscribcd many features of the
equatorial downwelling  Kelvin wave that would be pmduccd  by a reduction in the easterly wind. In addition, McCrcary
(1976) demonstrated that temporal variations of the wind  stress withiri  5° of the equator was substantially more important
in creating cquatorird  Kelvin waves that the wind stress bet wcen 5° and 20° from the equator. McCrcary’s  (1976) result had
important conscqucnccs  on the design of the TOGA moored buoy army (Hayes et al., 1987). W yrtki (1975) provided a
mczhanism  for the 1972-1973 El Niflo by combining the conceptual model by Bjcrkncs  (1966), theoretical result from
Godfrey (1975), observational results from Hickcy (1975) and Ramagc (1975), and suggested an important characteristic
about the surface wind strc%s.  Wyrtki (1975) proposed that a period of stronger-than-normaJ  easterly winds would buildup
cxccssivc  warm water in the western Pacific, which would incrcac tbc cast-west slope of sea lCVCI  along the equator; upon
relaxation of the easterly wind stress, the warm water would flow eastward along lhe equator as a Kelvin wave, and the
thcrmoclinc  in the eastern Pacific would deepen, allowing warm water to accumulate. Observations of Kelvin wave
propagation along the Pacific equator did not occur for several more years (KJIOX  and Halpcrn, 1982; Erikscn et al., 1983).

The appearance of a conceptual model about a generation mechanism of El Niflo resulted in new observational
programs in the tropical Pacific. The U.S. National Scicncc Foundation (IWF)-supported NORPAX Program expanded its
objcelivc  to inchrdc ocean-atmosphere interactions in the central tropical Pacific. In about 1974, Klaus Wyrtki took over
the maintenance of the island sea level gauge network from NOAA, and rapidl y expanded the network throughout the
tropjcaJ Pacific  for shrdics  of climate variations (Wyrtki,  1979). Klaus  Wyr[ki,  Chair of the NORPAX Executive Council,



encouraged the Council to consider a SOP XBT network to be the oceanographer’s radiosondc  array. in the late 1970s, the
NORPAX Program, in collaboration wilh institutions in Australia and Nc w Calcxlonia,  expanded the North Pacific ship-of-
opportunity (SOP) cxpcndablc  bath ythcrmograph  (XBT) project into the tropical Pacific (White et al., 1985). The 1979-
1980 NORPAX Expedition dcmonstrakd  tiat  island sea level mcasuremc.nts  provided a reliable index of the gcostrophic
transports of the tropical currcnrs (WyNki  el al., 1981), and the annual cycle of oceanographic conditions in the tropical
central Pacific Ocean was dc.scribed (Wyrtki  and Kilonsky,  1984), i. e., the ocean climatology was, for the firsl  time,
known. Marry memurcmcnts  begun during the NORPAX Program were continued under the auspices of the Pacific
Equatorial ocean Dynamics (PEQUOD)  Experiment. Further to lhc east, near 1 IO”W, the NOAA Equatorial Pacific Occarr
Climate Studies Program (EPOCS)  began in 1979 a long-term study of equatorial Pacific own-atmosphere interactions
and their influcncc  upon global climate.

2.3 1982-1983 El Nifio

By 1982, El Niflo wzus considered to be a large-scale Ocfanic adjustment to a relaxation of the westward surface wind
strew. Rasmussen and Carpenter (1982) had dctincd the average El Nifio to be awociated  with a westward propagating sea
surface temperature anomaly. Also, satellite technology enabled sea surftice  temperature to be measured frequently and
routinely throughout the tropical Pacific. Then, why did the onset  of the 1982-1983 El Niflo  cscapc  detection for several
months? The ea.tcrly  wind stress had not strcngthcncd  for a sufficiently long time interval; in fact, the cmtcrly wind stress
merely mlaxcd. The sea surface lcmpcraturc  anomaly did not move wcsl ward; it moved c.astward. The anomalously high
values of the satellite-derived sea surface temperature mcasurcmcnw  awociated with the El Nifio were discarded as false
bwause  of the uncertainty about the reliability of the ncw kind of measurement (Hal]wn,  1984).

At the time of the 1982-1983 Ii] Nifio, oceanographic and rnctemological  measurements were being conducted
throughout the eastern equatorial Pacific under the auspices of the EPOCS program and throughout the central Pacific by
the PEQUOD Experiment. The central objcctivc  of both EPOCS and PEQUOD was observations of equatorial wave
dynamics. It was serendipitous that circulation changes caused by the 1.1 Niflo were observed for the first time in the central
and easlcrn Pacific far removed from land (Firing et al., 1983; Halpem  et al., 1983), incl uding effects on the biological
environment (Feldman et al., 1984; Barber and Chavez, 1986). The magnitude of the observed variations a..sociatcd  with
the El Niflo could be interpreted with respect to normal conditions because NORPAX and EPOCS had conducted studies of
the annual cycle of oceanographic conditions. ‘fIre first comprchcnsivc  collcd.ion of numerous preliminary results and
idea., which involved the atmosphere and ocean, and physics, chemistry and biology, associated with the 1982-1983 El
Nifio  was published during the El Niflo  in February 1983 in the Tropical Oceati-Atrnosphere  Newsletter (TOAN), which, at
the time, had a worldwide distribution greater than 1300 rczipicnts.  The 7’OAN represented an effective medium to rapidly
distribute initial results to scicntis~s throughout the world. The unusual worldwide environmental conditions that
accompanied the El Nit70 were estimated to have caused agricultural, fisheries, and societal infra..tructural  damages of about
$US9X109 (1983 dollars). The 1982-1983 El Nifio episode represented an exciting intersection of scientific and societal
objcctivcs:  can science contribute to improved forccas~s of El Niflo,  which bccamc  the goal of TOGA.

The inability to monitor the dcvclopmcnt  of the 1982-1983 El Nifio caused a fundamental change in attitude of
NOAA towards ocxxrn  science, as then practiced in the equatorial Pacific. During a tclcphonc-based conference in late
November (or early December) 1982 among the members of the EPOCS Executive Council, Joseph Flctchcr,  Director of
EPOCS and Director of the NOAA Environmental Research Iaboratot  its, insisted that never again would an El Nifio occur
undctcctcd.  Thus, the policy for real-time monitoring of oceanographic and surface meteorological variables from moored
and drifting buoys was firmly established. Real-time transmission of nmorcd-buoy  wind and tcmpcraturc  measurements
was dcmonstmtcd  in 1983 (Halpern  el al., 1984). In January 1983 the EPOCS Program commissioned a report, under the
direction of the author, to describe an in situ oceanographic monitoring systcm  for the castcm  equatorial Pacific. The
EPOCS Report (“lnterannual  Sea Surface Tcmperatum  Variations in the Equatorial Pacific”, unpublished, 1983) indicatcxl
that real-time data acquisition from an array of instrumented surface moorings positioned throughout the data-sparse region
of the central equatorial Pacific could monitor the generation and eastward movement of the characteristic El Nifio
anomalies in the surface wind, sea surface tcmperalurc, and upper ocean current and thermal fields. Expansion of the
moor-cd array into the westcm Pacific was an important consideration for an effcxlivc M Niflo detection system.
Discussions between the U.S. and People’s Republic of China, which had been iniliatcd  in 1982 by the author, to establish
a moored-buoy station at 165°E wcrv progressing; in 1985 the moored station was established and continued for ncady five
years. Because of the sparseness of in situ subsurface observations, plogress  to crcatc operational descriptions of subsurface
thermal and flow fields would have been extremely limited had not a reliable wan ge.ncral  circulation model been developed
at this time (Phikmdcr  and Scigcl,  1985). While a substantial arnouni  of work remained to be done in merging data and
modc]s  and to improve understanding of the response of the. ocean to atmospheric forcing, a permanent El Nifio detection
systcm was being dcvclopcd  as early as 1983 (Halpcrn  et al., 1984).

During the pre-TOGA years, the foundations of the TOGA observing systcm (Ilalpem,  1990), operational hindcasts
of subsurface oceanographic conditions (Lcctmaa and Ji, 1989), and M Niflo predictions (Inoue and OBricn,  1984) were
established. operational hindcrsts  of monthl  y oceanographic conditions in the tropical Pacific involved participation from
many cormtrics throughout the Pacific through the auspices of the Pacific Ocean Climate Studies Panel of the Committee
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on Climatic Changes in the Ocean (CCCO), which was jointly sponsored by the lntcrgovcmmcntal  oceanographic
Commission (IOC)  and the Scientific Committee for oceanic Research (SCOR).

3 EQUATORIAL UNDERCURRENT AND TOGA

The EUC represents the most prominent feature in the equatorial wave guide, in which there is an cxt.mmcly rich
spectrum of motions. However, in the context of the historical development of TOGA, the JIJC also represents an
environmental barrier for continuous mcamcrncnts  of upper ocean current and temperature and surface wind in order to
detect El Niflo conditions. The cnginccring  difficulty in maintaining a surface mooring on the equator in water depths of 4-
5 km arises from the st.msses on the mooring line created by the shears of strong currcnls  in the upper ocean. In the
Pacific, the eastward-flowing EUC has a maximum speed greater than 1 m S-l at about 100 m dcp~ and occurs beneath ~C .
westward-flowing South Equatorial Current, which has a maximum sped of 1 ms- 1 at the surface. The difficulty to record
time-series mcasurcmcnts  beneath a surface buoy moored at the equator was dcmonswatcd in 1971 by Taft el al. (1974).
The difficultly was ovcrcomc  by adding a faired material tQ the upper 300 m of the mooring line, which is a tcchniquc to
reduce the current drag on the wire that the author first  observed in 1974 during the R.R ,S. Discovery cruise in the Global
Atmospheric Research Program (GARP) Atlantic Tropical Experiment (GATE) where a faircd wire was u.scd to tow a
profiling conductivity-tcmpcraturc-depth (CTD) instrument. The first Pacific-wide array of tautly-moored surface buoys,
each of which had 5-7 current meters rnountcd  in the mooring line abcm 250 m depth, was established in 1979 during the
Global Weather Experiment when upper ocean temperature and current mcasurcmcnts  were recorded along the cxptor at
165”E, 152°W and 1 IO”W (Halpcm,  1980). Thus, the technology mqrircd to record reliable surface wind and other
metcordogical  variabkx  and upper ocean current and temperature obsmwtions  continuously for long periods at the equator
was employed routinely in the Atlantic (Wcisbcrg,  1984) and Pacific (H@cm, 1987) by the time of the start of TOGA.

4. SUMMARY

The TOGA Program was a succcss  because scientific objectives stated at the start of the program were successfully
complctcd.  Scientific objectives were realistic and doable because of previous scientific and engineering accomplishments.
Scientific objectives were associated with an internationally socictahclc.vant  phe.nomcnon,  whi$h is very important for a
program designed to occur for many years because it enables the progranl  to incrcasc  its rcsourccs to accomplish new ideas.
The TOGA Program created operational subsurface oceanography (as distinct fmm rnarinc surface mcmurcmcnts recorded
under the auspices of the Integrated Global ocean Observing S ystcm, which is cosponsored by IOC and the World
Mctcorologiud  Organization), implcmcntcd  seasonal-to-interannual predictions of oceanographic and mctcordogical
conditions, and conducted several prwcss-oriented ocean-atmosphere interaction studies to improve model paramctcrization
of sub-grid size scale processes. Perhaps, the ultimate legacy of the TOGA Program is the estimated ten-times increase in
the number of researchers involved in TOGA-type research in 1995 compared to 1985.
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